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@ Magneto-optical recording medium and method of using same. 



@ A magneto-optical recording medium which is 
adapted to realize a partial ROM with remarkable 
facility in providing software. The magneto-optical 
recording medium comprises a transparent sub- 
strate; a volatile magnetic recording layer formed on 
the transparent substrate and having a Curie tem- 

^ perature approximately equal to or lower than a 
temperature raisable in a recording/reproducing ap- 
paratus of a user; and a nonvolatile magnetic record- 

Q ing layer formed on the volatile magnetic recording 
layer and having a Curie temperature higher than the 

J^J temperature raisable in the recording/reproducing 
apparatus of the user; wherein the nonvolatile mag- 

_ netic recording layer is not initialized and is retained 
in a state immediately after manufacture of the me- 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a 
magneto-optical recording medium and, more par- 
ticularly, to a recording medium having both a 
RAM part recordable, reproducible and erasable by 
a recording/reproducing apparatus of a user and a 
ROM part reproducible but not rewritable by such 
an apparatus. 

Description of the Related Art 

The problem of protecting the copyright of 
computer software Is currently arising to be impor- 
tant. From the standpoint to provide such softw/are, 
a variety of measures have been adopted on media 
in an attempt to prevent illegal use thereof with 
unauthorized duplication, and the recent trend gen- 
erally seems that the software is provided in the 
form of ROM. In a CD-ROM which is an optical 
recording medium employed frequently of late due 
to its advantage that a large amount of information 
is recordable, the entire plane thereof serves as a 
read-only area, and discrimination between a regu- 
larly distributed medium and an illegally exploited 
one can be achieved with facility merely by decid- 
ing whether writing is possible or not. 

However, as viewed from the user's standpoint, 
a CD-ROM is disadvantageous because of its in- 
sufficient degree of freedom in practical use due to 
slow reproduction and nonexistence of a record- 
able/erasable user area. For this reason, there is 
currently proposed, in place of the above-described 
medium, a partial ROM which is a magneto-optical 
recording medium having both a reproduction-only 
area and recording/reproduction area. In the con- 
ventional partial ROM medium known heretofore, 
indented pits (ROM pits) are previously formed in a 
part of a substrate to define an area where changes 
of the reflectivity are applied as reproduced sig- 
nals, whereby a partial ROM is achieved. Accord- 
ing to this method, provision of read-only software 
is rendered possible by the technique substantially 
equal to that for the CD-ROM. 

Since a substrate of an optical disk is produced 
by a method of injection-molding a resinous ma- 
terial, a metallic stamper is first required to serve 
as a master in manufacture of a conventional par- 
tial ROM medium. Therefore, in providing new soft- 
ware, it is necessary to produce a stamper where 
new information has been recorded. Since highly 
advanced apparatus and techniques are required 
for producing such a stamper, any software pro- 
vider having none of adequate equipment needs to 
request a third party for production of a stamper 
and a substrate as well when providing a conven- 



tional partial ROM medium. And there exists an- 
other disadvantage that, in case any inconvenience 
is found in a stage posterior to start of mass 
production, it has been impossible heretofore to 

5 debug such inconvenience in the conventional par- 
tial ROM medium. Also for prevention of copying or 
duplication of software, it may occasionally be de- 
sired to sell a medium with some specific informa- 
tion (such as manufacture number, serial number 

10 and so forth) readable by a recording/reproducing 
apparatus of a user. However, in the conventional 
partial ROM medium, it has been impossible here- 
tofore to meet such requirements. 

On an ordinary magneto-optical disk medium, a 

IS plurality of grooves and a plurality of lands are 
formed alternately, and the land disposed between 
the adjacent grooves is used as a recording track 
where record marks are formed by magnetization 
in different directions conforming with data. The 

20 recording region is divided into a plurality of sec- 
tors, and an ID signal is preformatted with pits at 
the top of each sector where data is recorded. The 
ID signal is detected from a change in the amount 
of the reflected light, and the data is detected from 

25 a change in the polarization angle of the reflected 
light obtained by the magnetic Kerr effect. How- 
ever, in such a land recording system, there exists 
a problem that the track density cannot be raised 
since none of the grooves is used as a data record- 
so ing area. For this reason, there is proposed a land- 
groove recording system which uses each groove 
as a recording track as well. 

According to the land-groove recording system, 
it is possible to increase the track density, but due 

35 to the structure where the recording tracks are 
mutually proximate, there occurs a phenomenon 
termed crosstalk as the data signal on the adjacent 
recording track is mixed into the reproduced signal. 
However, such crosstalk of magneto-optically re- 

40 corded data is eliminable by the mask effect based 
on magnetically induced superresolution which is 
capable of reproducing any record mark smaller in 
diameter than the spot of a reproducing laser 
beam, as disclosed in, e.g., Japanese Patent Laid- 

45 open Nos. Hei 3 (1991)-88156, Hei 5 (1993)-81717 
and Hei 5 (1 993)-342670. On the land-groove re- 
cording medium, it is necessary to preformat pits 
in the grooves as well as in the lands. However, the 
magnetically induced superresolution is not effec- 

50 five to the signal which is represented by a change 
in the amount of the reflected light from the pits. 
As a result, the crosstalk relative to such signal is 
not preventable to consequently raise a problem 
that proper reproduction of the ID signal is impos- 

55 sible. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a magneto-optical recording nnedium 
which is adapted to realize a partial ROM with 
remarkable facility in providing software. 

Another object of the present invention resides 
in providing a land-groove recordable magneto- 
optical recording medium which is capable of 
achieving proper reproduction of an ID signal with- 
out generation of any crosstalk. 

According to a first aspect of the present in- 
vention, there is provided a magneto-optical re- 
cording medium which comprises a transparent 
substrate; a volatile magnetic recording layer 
formed on the transparent substrate and having a 
Curie temperature approximately equal to or lower 
than a temperature raisable by a record- 
ing/reproducing apparatus of a user; and a non- 
volatile magnetic recording layer formed on the 
volatile magnetic recording layer and having a Cu- 
rie temperature higher than a temperature raisable 
by the recording/reproducing apparatus of the user; 
wherein the nonvolatile magnetic recording layer is 
not initialized and is retained in a state immediately 
after manufacture of the medium. 

On this magneto-optical recording medium, a 
part in its recording plane is recordable, reproduc- 
ible and erasable by a medium manufacture and/or 
a software provider, while the part is usable, in a 
recording/reproducing apparatus of a user, as a 
ROM where only reproduction of recorded informa- 
tion is possible. 

According to a second aspect of the present 
invention, there is provided a magnetically induced 
superresolution type magneto-optical recording 
medium where any record mark smaller in diam- 
eter than a spot of a reproducing laser beam can 
be reproduced. The recording medium comprises a 
transparent substrate having a plurality of lands 
and grooves formed alternately; a magnetic re- 
producing layer formed on the transparent sub- 
strate; a volatile magnetic recording layer formed 
on the magnetic reproducing layer; and a non- 
volatile magnetic recording layer formed on the 
volatile magnetic recording layer; wherein the vola- 
tile magnetic recording layer has a Curie tempera- 
ture approximately equal to or lower than a tem- 
perature raisable in a recording/reproducing ap- 
paratus of a user; the nonvolatile magnetic record- 
ing layer has a Curie temperature higher than the 
temperature raisable by the recording/reproducing 
apparatus of the user; and the nonvolatile magnetic 
recording layer has an ID signal recorded magneto- 
optically at the top of each data recording sector 
formed in both of the lands and the grooves. 

According to the first aspect of the present 
invention, software is recorded in a nonvolatile 



magnetic recording layer in a ROM part by the use 
of an exclusive recording/reproducing apparatus of 
a medium manufacturer or a software provider. 
Meanwhile in the remaining area of the medium, 

5 the nonvolatile magnetic recording layer is retained 
in an "as-deposition" state immediately after manu- 
facture of the medium, and the volatile magnetic 
recording layer alone is initialized to be utilized as 
a user area (RAM part). 

10 Consequently, when a user performs an eras- 

ing or recording operation by a commercially avail- 
able magneto-optical disk apparatus, the recorded 
information held in the nonvolatile magnetic record- 
ing layer of the ROM part is transferred to the 

15 volatile magnetic recording layer regardless of ei- 
ther of such operations, so that there exists no 
possibility of erroneously erasing the software pro- 
vided for the user. Meanwhile in the RAM part, 
none of harmful influence is exerted on the volatile 

20 magnetic recording layer since the partial mag- 
netization is random in the nonvolatile magnetic 
recording layer, and therefore the volatile magnetic 
recording layer can be magnetized exactly in com- 
pliance with an external magnetic field, whereby 

25 the user is permitted to use this area freely. 

According to the second aspect of the present 
invention, an ID signal is magneto-optically record- 
ed in each of the lands and the grooves. And due 
to the mask effect based on magnetically induced 

30 superresolution, such ID signal can be reproduced 
properly without causing any crosstalk at all. In 
addition, since the ID signal is recorded in the 
nonvolatile magnetic recording layer, high reliability 
can be ensured. 

35 The above and other objects, features and ad- 

vantages of the present invention and the manner 
of realizing them will become more apparent, and 
the invention itself will best be understood from a 
study of the following description and appended 

40 claims with reference to the attached drawings 
showing some preferred embodiments of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1A is a perspective view of a magneto- 
optical recording medium in a first embodiment 
of the present invention; 
Fig. 1 B is a structural sectional view thereof; 
50 Fig. 2 is a schematic diagram illustrating how 
the recording medium of the first embodiment is 
used; 

Fig. 3 is a schematic diagram illustrating how 
the first embodiment is initialized; 
55 Fig. 4 is a schematic diagram illustrating how a 
ROM part in the first embodiment is recorded; 
Fig. 5 schematically shows a magnetized state 
of a RAM part in the first embodiment; 
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Fig. 6 is a sectional view of a magneto-optical 
recording medium in a second embodiment of 
tlie present invention; 

Fig. 7 is a sectional view of a magneto-optical 
recording medium in a third embodiment of the 
invention; 

Fig. 8A graphically shows the waveform ob- 
tained by reproducing recorded data on the me- 
dium of the third embodiment; 
Fig. 8B graphically shows the reproduced 
waveform obtained after an erasing operation; 
Fig. 8C is similar to Fig. SB but showing the 
reprduced waveform when a magnetic field ap- 
plied thereto is reversed; 
Fig. 9 graphically shows the relationship be- 
tween a recording laser power and the C/N of a 
reproduced waveform obtained at a fixed periph- 
eral velocity; 

Fig. 10A shows a reproduced waveform ob- 
tained by an ordinary magneto-optical recording 
method; 

Fig. 10B is similar to Fig. 10A but showing a 
reproduced waveform obtaned by a recording 
method of the third embodiment; 
Fig. 11A shows a reproduced waveform and 
record mark obtained by the ordinary magneto- 
optical recording method; 
Fig. 11B is similar to Fig. 11A but showing a 
state obtained by the recording method of the 
third embodiment; 

Fig. 12A is a patially cutaway plan view of a 

magneto-optical recording medium in a fourth 

embodiment of the invention; 

Fig. 128 is a partially cutaway sectional view 

thereof; 

Fig. 13 illustrates how the fourth embodiment is 
reproduced; 

Fig. 14 illustrates how a fifth embodiment of the 
invention is reproduced; 

Fig. 15 is a sectional view of a magneto-optical 
recording medium in a sixth embodiment of the 
invention; 

Fig. 16 illustrates a magnetized state of a 

GdFeCo film; 

Fig. 17 illustrates how an ID area in the sixth 
embodiment is reproduced; and 
Fig. 18 illustrates how a data area in the sixth 
embodiment is reproduced. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1A illustrates an optical disk 2 in a first 
embodiment of the present invention, and Fig. IB 
shows an exemplary medium structure. A SiN di- 
electric layer 1 0 having a film thickness of 80 nm is 
formed on a polycarbonate substrate 8, and a 
volatile magnetic layer (first magnetic layer) 32 



composed of DyFeCo and having a film thickness 
of 50 nm is formed on the layer 10. Further a 
nonvolatile magnetic layer (second magnetic layer) 
34 composed of TbCo and having a film thickness 

5 of 50 nm is formed on the volatile magnetic layer 
32. Thereafter a SiN dielectric layer 14 having a 
film thickness of 80 nm is formed on the non- 
volatile magnetic layer 34. The above layers 10, 
32, 34 and 14 are shaped into films by the tech- 

70 nique of sputtering. 

The volatile magnetic layer 32 has a coercive 
force of 6 kOe or so at a room temperature and 
contains a rare-earth rich composition whose Curie 
temperature and compensation temperature are 

75 about 250 °C and 70-0 respectively. Meanwhile 
the nonvolatile magnetic layer 34 has a coercive 
force of 2 - 3 kOe or so at a room temperature and 
contains a rare-earth rich composition whose Curie 
temperature and compensation temperature are 

20 about 300 °C and 200 'C respectively. In addition 
to the above, a reflecting film 16 of aluminum is 
further formed on the dielectric layer 14. 

Fig. 2 illustrates an exemplary use of the me- 
dium in the first embodiment. IVIore specifically, the 

25 magneto-optical disk 2 in this embodiment has a 
recording layer 36 composed of a volatile magnetic 
layer 32 and a nonvolatile magnetic layer 34, so 
that a user is enabled to selectively use a RAM 
part 4 which is recordable, reproducible and eras- 

30 able, or a ROM part 6 which is reproducible only. It 
is a matter of course that the entire medium can be 
handled like an ordinary magneto-optical disk used 
normally as a RAM part. 

Referring now to Figs. 3 and 4, a description 

35 will be given on a method of recording information 
in the form of a ROM on the magneto-optical disk 2 
of the first embodiment. First, as shown in Fig. 3, a 
laser beam of a power Pwl is irradiated to heat the 
volatile magnetic layer 32 up to the proximity of its 

40 Curie temperature, and the volatile magnetic layer 
32 is initialized while an external magnetic field is 
applied thereto from a magnet 38. In this stage of 
the operation, the maximum temperature of the 
medium never reaches the Curie temperature of 

45 the nonvolatile magnetic layer 34, so that there is 
no possibility of initializing this magnetic layer 34. 
An arrow A indicates the direction of rotation of the 
disk. 

Next a method of recording information in the 
50 ROM part will be described below with reference to 
Fig. 4. First a laser beam of a power Pw2, which is 
higher than the foregoing power Pwl, is irradiated 
during the first rotation of the disk to thereby heat 
the medium up to the proximity of the Curie tem- 
55 perature of the nonvolatile magnetic layer 34, and 
this layer 34 is initialized with application of an 
external magnetic field from the magnet 38. 
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Subsequently, while the laser beam of the pow- 
er Pw2 is applied during the second rotation of the 
disk, an external magnetic field, which is inverse to 
the one at the time of initialization, is applied from 
a magnet 40 to thereby record the information. In 
this embodiment where the rotation velocity of the 
disk is set to 9 m/sec, the above condition is 
satisfied by setting the powers Pwl and Pw2 to 7 
mW and 12 mW or so respectively. The essential 
point resides in that an operation of recording the 
information in the ROM part may be performed in 
such a manner that adequate temperature con- 
ditions can be achieved by the use of a medium so 
designed as to conform with the above-described 
physical conditions. 

The information recorded in the nonvolatile 
magnetic layer 34 by the operation of Fig. 4 can be 
neither rewritten nor erased in a magneto-optical 
disk apparatus operated normally by a user. More 
specifically, in a magneto-optical disk apparatus 
operated normally by a user, the disk temperature 
cannot be raised beyond the Curie temperature of 
the volatile magnetic layer 32. Therefore, when new 
information Is to be recorded in the volatile mag- 
netic layer 32, the former information is still left 
unerased in the nonvolatile magnetic layer 34, and 
consequently the volatile magnetic layer 32 is re- 
turned to the former recording state by the ex- 
change bonding force or switched connection in 
the cooling process of the medium. Accordingly, 
the disk serves sub stantially as a ROM for the 
user and there exists no possibility of danger that 
the acquired information is lost due to accidental or 
erroneous erasure of the recorded information. 

However, the operation shown in fig. 4 is per- 
formed merely with regard to the area required for 
recording the information, so that any other area 
inclusive of the nonvolatile magnetic layer 34 is not 
initialized as shown in Fig. 5 and is retained in an 
as-deposition state immediately after manufacture 
of the medium. Consequently it is always possible 
to erase the information in the volatile magnetic 
layer 32 or to record new information therein, and 
the user is enabled to use this magnetic layer as a 
RAM area. If a specific ID is prerecorded in a 
portion of the ROM area by a software provider 
and an operation needed for erasing such ID is 
previously programmed in the software, then the ID 
cannot be read by any illegally copied software, so 
that it is rendered impossible for the user to start 
the software, hence ensuring effective protection of 
the copyright of the software. 

Fig. 6 shows an exemplary medium structure 
of a magneto-optical disk 2A in a second embodi- 
ment of the present invention. In this embodiment, 
a nonmagnetic intermediate layer 42 composed of 
SiN for example is inserted between a volatile 
magnetic layer 32 and a nonvolatile magnetic layer 



34. In the case of this embodiment, the volatile 
magnetic layer 32 and the nonvolatile magnetic 
layer 34 are magnetostatically coupled to each 
other. This second embodiment functions approxi- 
5 mately similarly to the aforementioned first embodi- 
ment. 

Fig. 7 shows an exemplary structure of a mag- 
neto-optical disk medium 2B used by a recording 
method in a third embodiment of the invention. The 

10 magneto-optical disk 2B has a laminated structure 
wherein a SiN protective layer 10, a DyFeCo re- 
cording layer 18, a SiN protective layer 14, an Al 
reflecting layer 16 and a resin coating layer 20 are 
superposed successively on a polycarbonate sub- 

75 strate 8 where ID signal pits and tracking grooves 
are formed. This magneto-optical disk 2B is a 
typical one used in general currently. In an ordinary 
mode of magneto-optically recording rewritable 
data, the magneto-optical disk 2B is rotated at a 

20 peripheral velocity of 9.0 m/sec, and a recording 
laser power of 10.5 mW is irradiated to the mag- 
neto-optical disk 2B while a recording magnetic 
field of 300 Oe is applied thereto. 

Under the conditions including a peripheral ve- 

25 locity of 10 m/sec, a recording laser power of 15.9 
mW and a re cording magnetic field of 300 Oe, 8T 
signals (where T = clock period) modulated by a 
code (2, 7) RLL were recorded at pit positions with 
a density of 0.78 um/mark. Fig. 8A graphically 

30 shows the waveform obtained by reproducing such 
recorded data at a peripheral velocity of 9.0 m/sec 
and a reproducing laser power of 1 .0 mW, with the 
record track pattern obtained thereat. A magnetiz- 
ation inverted area (hatched area: S-side magne- 

35 tized portion) is formed on an erased record track, 
and an area (black area: record mark) with a 
change of the magnetization characteristics (where 
the Kerr effect is no further existent due to the loss 
of perpendicular magnetic anisotropy) is formed in 

40 a high-temperature region substantially at the cen- 
ter of the hatched area, so that the reproduced 
signal waveform becomes a pattern of repeated 
Ms. 

Fig. 8B graphically shows the reproduced 
45 waveform obtained after an erasing operation on 
the data-recorded magneto-optical disk under the 
conditions including a peripheral velocity of 9.0 
m/sec, an erasing laser power of 10.5 mW and an 
erasing magnetic field of 300 Oe, with the record 
50 track pattern obtained thereat. It is seen from this 
graph that the formed record marks are not erased 
even by such erasing operation, hence verifying 
proper performance of nonvolatile recording. Fig. 
8C graphically shows the reproduced waveform 
55 obtained after an erasing operation performed un- 
der the same erasing conditions as the above with 
the exception that the applied magnetic field is 
directionally inverted, with the record track pattern 
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obtained thereat. It is seen from this graph that the 
data once recorded is not erased even by inverting 
the applied magnetic field. 

Whether any unerasable record mark is formed 
or not is concerned with the amount of the irradia- 
tion energy, so that there exists a mutual relation- 
ship between the peripheral velocity of the disk and 
the recording laser power. Fig. 9 graphically shows 
the C/N characteristics of the reproduced waveform 
obtained by first recording the data while setting 
the peripheral velocity fixedly to 1.0 m/sec and 
changing the recording laser power, and then per- 
forming an erasing operation under the above con- 
ditions. Supposing now that the peripheral velocity 
of the disk is 9.0 m/sec for example, it is impos- 
sible to perform nonvolatile recording if the record- 
ing laser power is lower than 15.9 mW. However, in 
case the peripheral velocity of the disk is 1.0 
m/sec, nonvolatile recording can be performed with 
a recording laser power of 12 mW or more. Thus, 
the lower the peripheral velocity of the disk, the 
lower the recording laser power required for non- 
volatile recording. 

Figs. 10A and 10B graphically show the repro- 
duced waveforms of 3T signals modulated by a 
code (2, 7) RLL and recorded at pit positions with a 
recording density of 0.78 um/mark by the ordinary 
magneto-optical recording method and the record- 
ing method of this embodiment, respectively. The 
C/N representing the signal quality is 46 dB in 
ordinary magneto-optical recording as shown in 
Fig. IDA but Is 41 dB in the recording method of 
this embodiment as shown in Fig. 108. However, it 
is still possible to sufficiently achieve satisfactory 
reproduction, and properly reproduced signals can 
be obtained as in an ordinary reproduction mode 
for magneto-optically recorded signals. The dif- 
ference between the C/N of the reproduced signal 
by the ordinary magneto-optical recording method 
and that of the reproduced signal by the recording 
method of this embodiment is derived from the fact 
that, as shown in Figs. 11A and 118, the amplitude 
of the reproduced signal obtained by the recording 
method of this embodiment is approximately 1/2 of 
the amplitude of the reproduced waveform by the 
ordinary magneto-optical recording method. 

In the ordinary recording, the polarization angle 
becomes +ek or -ek depending on the direction of 
magnetization as shown in Fig. 11A. The record 
mark formed by the method of this embodiment is 
such that the magnetic Kerr effect is lost in the 
mark portion and the change of the polarization 
therein is substantially zero, so that the amplitude 
of the reproduced waveform is reduced to be ap- 
proximately 1/2 as shown in Fig. 11B. When the 
medium portion recorded by the method of this 
embodiment is reproduced according to a light 
amount change signal, substantially none of repro- 



duced signal is obtained. It is considered therefore 
that the recording layer is not crystallized by a 
recording power which is adequate to perform non- 
volatile recording by the method of this embodi- 
5 ment. 

It is obvious from the above that, in the record- 
ing method of this embodiment, nonvolatile data 
recording is not performed according to a structural 
change (crystallization or amorphization) of the re- 

10 cording layer but is performed according to a 
change of the magnetic characteristics of the re- 
cording layer. It is further considered that the per- 
pendicular magnetic anisotropy is decreased and 
the change of the polarization angle based on the 

16 magnetic Kerr effect due to the perpendicular mag- 
netization is reduced approximately to zero. Al- 
though DyFeCo is selectively employed to com- 
pose the recording layer in this embodiment, 
GdFeCo may be employed as well, 

20 Since the method of this embodiment performs 

nonvolatile recording at a lower peripheral velocity 
and/or a higher recording laser intensity than those 
in the ordinary magneto-optical recording, it is also 
possible to execute a write-once nonvolatile record- 

25 ing function in addition to the ordinary magneto- 
optical magnetic recording function. Furthermore 
an exclusive write-once recording layer need not 
be provided in particular, so that a nonvolatile data 
recording operation can be performed without the 

30 necessity of any specific process on a commer- 
cially available ordinary magneto-optical disk me- 
dium. As nonvolatile data is recordable merely by 
changing the peripheral velocity and/or the laser 
power in the recording mode, the required record- 
as ing/reproducing system is the same as for re- 
writable data. Therefore a nonvolatile data record- 
ing/reproducing operation can be performed with 
remarkable simplicity and facility, whereby the non- 
volatile data recording area can be set to any 

40 desired dimensions. 

Referring next to Figs. 12A and 128, a descrip- 
tion will be given with regard to a fourth embodi- 
ment wherein the nonvolatile magnetic recording 
layer mentioned in connection with the first em- 

45 bodiment is formed on a land-groove recording 
medium where data is recorded in both lands and 
grooves. As illustrated in Fig. 12(A), a magneto- 
optical recording medium 46 has a plurality of 
lands 48 and grooves 50 formed alternately, and 

50 record marks 64 are formed in both of such lands 
48 and grooves 50. 

As illustrated in Fig. 12B, a plurality of lands 48 
and grooves 50 are formed alternately on a trans- 
parent substrate 52. A dielectric layer 54 is formed 

55 on the transparent substrate 52, and a magnetic 
reproducing layer 56 composed of GdFeCo or the 
like is formed on the dielectric layer 54. The re- 
producing layer 56 consists of a perpendicular 
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magnetization film. A volatile magnetic recording 
layer 58 composed of TbFeCo or the like is formed 
on the reproducing layer 56. This volatile magnetic 
recording layer 58 consists of a perpendicular 
magnetization film. Further a nonvolatile magnetic 
re cording layer 60 composed of TbCo or the like 
is formed on the volatile magnetic recording layer 
58. This nonvolatile magnetic recording layer 60 
consists of a perpendicular magnetization film. The 
Curie temperature of the volatile magnetic record- 
ing layer 58 is approximately 250 °C, and that of 
the nonvolatile magnetic recording layer is approxi- 
mately 350 °C. And finally a dielectric protective 
layer 62 is formed on the nonvolatile magnetic 
recording layer 60 to thereby complete a magneto- 
optical recording medium 46. 

Hereinafter an ID signal reproducing method 
relative to the fourth embodiment will be described 
with reference to Fig. 13. The nonvolatile magnetic 
recording layer 60 has an ID area 60a at the top of 
each sector where data is to be recorded. And an 
ID signal is recorded magneto-optlcally in the ID 
area 60a. The ID signal in the ID area 60a is 
recorded by irradiating a high-power laser beam 
which exceeds the Curie temperature of the non- 
volatile magnetic recording layer 60. In a modifica- 
tion, the ID signal may be recorded by the use of 
an ordinary recording power under the condition 
that the peripheral velocity of the recording me- 
dium is lowered. Each sector has a data area 60b 
in succession to the ID area 60a. The data area 
60b in the nonvolatile magnetic recording layer 60 
is retained In an as-deposition state without being 
initialized at all. since a land-groove recording tech- 
nique Is adopted in this embodiment, the ID area is 
provided in both of the lands 48 and the grooves 
50. 

The recording medium is moved in the direc- 
tion indicated by an arrow A, and merely the re- 
producing layer 56 alone is initialized first by an 
initializing magnetic field Hb. subsequently a re- 
producing laser beam 68 is irradiated to the record- 
ing medium while a reproducing magnetic field Hr 
is applied thereto in the reverse direction with 
respect to the initializing magnetic field Hb, so that 
there are formed, within the beam spot, a low 
temperature region 66a maintained in the direction 
of the initializing magnetic field applied to the re- 
producing layer 56, and also a high temperature 
region 66b whose direction of magnetization in the 
reproducing layer 56 is inverted by the reproducing 
magnetic field Hr. The low temperature region 66a 
serves as a mask since the magnetization in the 
reproducing layer 56 is directionally uniform in 
conformity with the initializing magnetic field Hb. 
Meanwhile in the high temperature region 66b, the 
direction of magnetization of the ID signal recorded 
in the nonvolatile magnetic recording layer 60 is 



transferred to the reproducing layer 56 via the 
volatile magnetic recording layer 58, so that the ID 
signal can be read out through the high tempera- 
ture region 66b in the beam spot. 

5 Even if a recording or erasing laser power used 

in an ordinary magneto-optical disk apparatus is 
irradiated to the ID area 60a, the ID signal in the 
nonvolatile magnetic recording layer 60 is not de- 
stroyed, and during the process of fall of the tem- 

10 perature, the ID signal is transferred to the volatile 
magnetic recording layer 58 by exchange bonding 
force, whereby the ID signal is protected from 
destruction. The ID signal recorded in the non- 
volatile magnetic recording layer 60 can be read 

75 out only from the high temperature region 66b in 
the beam spot according to the principle of mag- 
netically induced superresolution, and consequent- 
ly there exists no possibility that a problem of 
crosstalk arises between adjacent tracks. 

20 Now a method of reproducing a fifth embodi- 

ment of the present invention will be described 
below with reference to Fig. 14. In a magneto- 
optical recording medium of this embodiment, a 
reproducing layer 56' is different from the afore- 

25 mentioned reproducing layer 56 In the foregoing 
fourth embodiment of Fig. 13 in the point that the 
layer 56' indicates in-plane magnetization at a 
room temperature but transits from in-plane mag- 
netization to perpendicular magnetization when 

30 heated beyond a predetermined temperature by a 
reproducing laser beam. Any other structure of this 
embodiment is substantially the same as that of the 
fourth embodiment shown in Fig. 13. When a re- 
producing laser beam 68 is irradiated to the record- 

35 ing medium, a low temperature region 66a indicat- 
ing in-plane magnetization and a high temperature 
region 66b indicating perpendicular magnetization 
are formed in the reproducing layer 56' within a 
beam spot. An ID signal recorded in an ID area 60a 

40 of a nonvolatile magnetic recording layer 60 cannot 
be read out therefrom since the reproducing layer 
56' serves as an in-plane mask in the low tempera- 
ture region 66a within the beam spot. 

Meanwhile in the high temperature region 66b 

45 within the beam spot, the easy direction of mag- 
netization in the reproducing layer 56' is turned to 
be perpendicular from the in-plane direction, so 
that the ID signal recorded in the nonvolatile mag- 
netic recording layer 60 is transferred to the re- 

50 producing layer 56' via the volatile magnetic re- 
cording layer 58, whereby the ID signal can be 
read out therefrom through the high temperature 
region 66b within the beam spot. In this embodi- 
ment also, the ID signal is not destroyed even with 

55 irradiation of a re cording or erasing laser power as 
described, and a lower temperature mask is formed 
within the beam spot so that the ID signal can be 
reproduced with magnetically induced superresolu- 
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tion, hence preventing any crosstalk of the ID sig- 
nal between mutually adjacent tracks. 

Referring next to Fig. 15, a description will be 
given on the structure of a magneto-optical record- 
ing medium 70 in a sixth embodiment of the 
present invention. A SIN dielectric layer 74 is 
formed on a transparent substrate 72. And a re- 
producing layer 76 composed of GdsoFessCois is 
formed on the dielectric layer 74. The reproducing 
layer 76 is turned from in-plane magnetization to 
perpendicular one when heated beyond a first pre- 
determined temperature. A reproducing auxiliary 
layer 78 composed of Gd24Fe5 3Co2 3 is formed on 
the reproducing layer 76. The reproducing auxiliary 
layer 78 is turned from perpendicular magnetization 
to in-plane one when heated beyond a second 
predetermined temperature. And a switch layer 80 
composed of Tb2oFe78Co2 is fornned on the re- 
producing auxiliary layer 78. Further a volatile mag- 
netic recording layer 82 composed of 
Tbi9FeG7Coi4 is formed on the switch layer 80. 
And a nonvolatile magnetic recording layer 84 
composed of Tb23C077 is formed on the volatile 
magnetic recording layer 82. 

The Curie temperatures of the above-described 
reproducing layer 76, reproducing auxiliary layer 
78, switch layer 80, volatile magnetic recording 
layer 82 and nonvolatile magnetic recording layer 
84 are 330 ° C, 280 • C, 1 45 • C, 260 " C and 350 ' C, 
respectively. Such layers are 40 nm, 25 nm, 10 
nm, 40 nm and 50 nm in film thickness repsec- 
tively. In addition to the above, a SiN protective 
layer 86 is formed on the nonvolatile magnetic 
recording layer 84 to complete a magneto-optical 
recording medium 70. 

The principle of reproduction in this embodi- 
ment will now be described below with reference to 
Figs. 16 - 18. Fig. 16 graphically shows the tem- 
perature range, where the GdFeCo film is turned to 
perpendicular magnetization, with respect to the 
amount of Gd. A solid line 39 represents the Curie 
temperature of GdFeCo. Solid lines 41 and 43 
represent the case of a single layer film composed 
of GdFeCo, while broken lines 45 and 47 represent 
the case of a dual layer film which consists of a 
GdFeCo film and a recording film of perpendicular 
magnetization superposed thereon. More specifi- 
cally, the solid line 41 indicates the temperature at 
which the single layer film of GdFeCo is turned 
from perpendicular magnetization to in-plane one, 
and the solid line 43 indicates the temperature at 
which the single layer film of GdFeCo is turned 
from in-line magnetization to perpendicular one. 
The broken line 45 indicates the temperature at 
which the dual layer film consisting of a GdFeCo 
film and a perpendicular magnetization film is 
turned from perpendicular magnetization to in- 
plane one, and the broken line 47 indicates the 



temperature at which such dual layer film is turned 
from in-plane magnetization to perpendicular one. 

As obvious from Fig. 16, it is seen that addi- 
tional superposition of a perpendicular magnetiz- 

5 ation film on a GdFeCo film is effective to lower the 
temperature at which the magnetisation is changed 
from an in-plane direction to a perpendicular direc- 
tion. Here, take notice of a certain amount XI of 
Gd. In Fig. 16, a symbol A signifies a temperature 

10 range of in-plane magnetization. Meanwhile a sym- 
bol B signifies a temperature range of perpendicu- 
lar magnetization in the case of a dual layer film 
including a perpendicular magnetization film, or a 
temperature range of in-plane magnetization in the 

16 case of a single layer film. And another symbol C 
signifies a temperature range of perpendicular 
magnetization. 

Referring next to Fig. 17, a description will be 
given on a method of reproducing an ID signal 

20 recorded in the magneto-optical recording medium 
of this embodiment. In the ID area 84a of the 
nonvolatile magnetic recording layer 84, an ID sig- 
nal is recorded by heating the nonvolatile magnetic 
recording layer 84 beyond its Curie temperature 

25 while irradiating a high-power laser beam thereto. 
The data area 84b of the nonvolatile magnetic 
recording layer 84 adjacent to the ID area 84a is 
retained in an as-deposition state without being 
initialized at all. Therefore, even if a recording or 

30 erasing laser power used in an ordinary magneto- 
optical disk apparatus is irradiated to the ID area 
84a, there exists no ppossibility that the ID signal 
recorded in the nonvolatile magnetic layer 84 is 
destroyed. 

35 When a reproducing laser beam 68 is irradi- 
ated to the recording medium while moving the 
medium in a direction indicated by an arrow A, 
there is formed a temperature distribution which 
includes a low temperature region 66a, an inter- 
40 mediate temperature region 66b and a high tem- 
perature region 66c within a beam spot. The high 
temperature region 66c is heated beyond the Curie 
temperature of the switch layer 80. The reproduc- 
ing auxiliary layer 78 has perpendicular magnetiz- 
es ation in the low temperature region 66a and the 
intermediate temperature region 66b, but is turned 
to in-plane magnetization in the high temperature 
region 66c. Meanwhile the reproducing layer 76 
has, in the low temperature region 66a, in-plane 
50 magnetization corresponding to the temperature 
range A shown in Fig. 16. 

Since the reproducing auxiliary layer 78 has 
perpendicular magnetization in the intermediate 
temperature region 66b, the reproducing layer 76 
55 also has perpendicular magnetization in this region. 
This magnetization corresponds to the case of the 
aforementioned dual layer film with a perpendicular 
magnetization film in the temperature range B of 
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Fig. 16. Meanwhile the higti temperature region 66c 
has in-plane magnetization as the reproducing aux- 
iliary layer 78 has in-plane magnetization. This 
corresponds to the case of the aforementioned 
single layer film in the temperature rang B of Fig. 
1 6. If the high temperature region 66c is so preset 
that the switch layer 80 is heated above the Curie 
temperature thereof, magnetization of the reproduc- 
ing auxiliary layer 78 is shielded from the per- 
pendicular magnetization of the volatile magnetic 
recording layer 82, whereby stable In-plane mag- 
netization is attained. In both of the low tempera- 
ture region 66a and the high temperature region 
66c, the reproducing layer 76 has in-plane mag- 
netization which mal<es no contribution to the Kerr 
rotation of the reproducing laser beam, so that a 
mask can be formed. 

The direction of magnetization of the ID signal 
recorded in the ID area 84a of the nonvolatile 
magnetic recording layer 84 can be read out 
through the intermediate temperature region 66b 
by watching the reflected light from the magnetiz- 
ation of the reproducing layer 76. More specifically, 
since the switch layer 80 is below the Curie point 
thereof, the magnetization of the nonvolatile mag- 
netic recording layer 84 is transferred by exchange 
bonding successively to the volatile magnetic re- 
cording layer 82, the switch layer 80, the reproduc- 
ing auxiliary layer 78 and the reproducing layer 76, 
whereby a magneto-optical signal can be obtained 
from the intermediate temperature region 66b. 

According to this embodiment, two in-plane 
magnetization masks can be formed within the spot 
of the reproducing laser beam, so that the ID signal 
recorded in the nonvolatile magnetic recording lay- 
er 84 is reproducible at high resolution without the 
necessity of any reproducing magnetic field. Con- 
sequently there arises no problem of crosstalk be- 
tween mutually adjacent tracks. 

Fig, 18 illustrates reproduction of a data area in 
the sixth embodiment of the present invention. As 
described above, a data area 84b of a nonvolatile 
magnetic recording layer 84 is in an as-deposition 
state immediately after manufacture of a medium. 
As explained with reference to Fig. 17, a low tem- 
perature mask region 66a and a high temperature 
mask region 66c are formed within a beam spot, 
and data recorded in a volatile magnetic recording 
layer 82 is transferred by exchange bonding to a 
reproducing layer 76, so that the data can be read 
out through an intermediate temperature region 
66b. 

In each of the preferred embodiments de- 
scribed hereinabove, an ID signal is recorded in the 
nonvolatile magnetic recording layer. However, it is 
also possible to record the ID signal in the volatile 
magnetic recording layer as well by adoption of the 
recording method relative to the third embodiment 



of the present invention mentioned with reference 
to Figs. 7 through 1 1 B. 

The present invention can provide an improved 
magneto-optical recording medium which is ca- 

5 pable of realizing a partial ROM with remarkable 
facility without the necessity of any particular pro- 
cessing on its substrate. Any dealer who wants to 
sell software to users may acquire mass-produced 
magneto-optical recording media of the present 

70 invention and can record desired software in the 
ROM areas thereof by employment of a low-cost 
exclusive apparatus producible with slight modifica- 
tion of a commercially available ordinary apparatus, 
and on the user side, there is no danger of losing 

75 the purchased software even by erroneous manipu- 
lation. 

Furthermore, according to the specific embodi- 
ments of the invention adapted for land-groove 
recording, no crosstalk is caused between mutually 
20 adjacent tracks to thereby ensure satisfactory re- 
production of an ID signal with magnetically in- 
duced superresolution. 

Claims 

25 

1. A magneto-optical recording medium compris- 
ing: 

a transparent substrate; 
a volatile magnetic recording layer formed 
30 on said transparent substrate and having a 

Curie temperature approximately equal to or 
lower than a temperature raisable in a record- 
ing/reproducing apparatus of a user; and 

a nonvolatile magnetic recording layer 
35 formed on said volatile magnetic recording lay- 

er and having a Curie temperature higher than 
the temperature raisable in the record- 
ing/reproducing apparatus of the user, said 
nonvolatile magnetic recording layer being not 
40 initialized. 

2. A method of using a magneto-optical recording 
medium which comprises a transparent sub- 
strate, a volatile magnetic recording layer 

45 formed on said transparent substrate and hav- 

ing a Curie temperature approximately equal to 
or lower than a temperature raisable in a re- 
cording/reproducing apparatus of a user, and a 
nonvolatile magnetic recording layer formed on 

50 said volatile magnetic recording layer and hav- 

ing a Curie temperature higher than the tem- 
perature raisable in the recording/reproducing 
apparatus of the user, said nonvolatile mag- 
netic recording layer being not initialized and 

55 retained in a state immediately after manufac- 

ture of the medium, said method comprising 
the steps of: 

recording software in a part of a recording 
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area of said recording medium by a record- 
ing/reproducing apparatus used exclusively by 
a medium manufacturer and/or a software pro- 
vider; 

initializing merely said volatile magnetic re- 5 
cording layer in a remaining part of the record- 
ing area; and 

using said remaining part as an informa- 
tion recordable, reproducible and erasable 
RAM in a recording/reproducing apparatus of a io 
user. 

3. A method of recording information on a mag- 
neto-optical recording medium, comprising the 
step of: 75 

while applying an external magnetic field 
to said recording medium, irradiating thereto a 
laser beam of an intensity higher than that in 
recording a rewritable record mark, thereby 
forming a record mark whose direction of mag- 20 
netization is uninvertibly changed in accor- 
dance with a record data. 

4. A method of recording information on a mag- 
neto-optical recording medium, comprising the 25 
step of: 

while irradiating a laser beam to said re- 
cording medium and applying an external 
magnetic field thereto, rotating said medium at 
a peripheral velocity lower than that in forming 30 
a rewritable record mark, thereby forming a 
record mark whose direction of magnetization 
is uninvertibly changed in accordance with a 
record data. 

35 

5. The method according to claim 4, wherein the 
intensity of the laser beam to be irradiated is 
increased to be higher than that in forming a 
rewritable record mark. 

40 

6. A magnetically induced superresolution type 
magneto-optical recording medium where a 
record mark smaller in diameter than a spot of 
a reproducing laser beam is reproducible, 
comprising: 45 

a transparent substrate having a plurality 
of lands and grooves formed alternately; 

a magnetic reproducing layer formed on 
said transparent substrate; 

a volatile magnetic recording layer formed 50 
on said magnetic reproducing layer, said vola- 
tile magnetic recording layer having a Curie 
temperature approximately equal to or lower 
than a temperature raisable in a recording/ 
reproducing apparatus of a user; and 55 

a nonvolatile magnetic recording layer 
formed on said volatile magnetic recording lay- 
er, said nonvolatile magnetic recording layer 



having a Curie temperature higher than the 
temperature raisable in the record- 
ing/reproducing apparatus of the user and an 
ID signal recorded magneto-optically at the top 
of each data recording sector formed in both of 
said lands and grooves. 

7. The magnetically induced superresolution type 
magneto-optical recording medium according 
to claim 6, wherein a data area of each sector 
in said nonvolatile magnetic recording layer is 
not initialized and is retained in a state imme- 
diately after manufacture of said medium. 

8. The magnetically induced superresolution type 
magneto-optical recording medium according 
to claim 6, wherein said magnetic reproducing 
layer is a perpendicular magnetization film. 

9. The magnetically induced superresolution type 
magneto-optical recording medium according 
to claim 6, wherein said magnetic reproducing 
layer is an in-plane magnetization film at a 
room temperature but becomes a perpendicu- 
lar magnetization film when heated beyond a 
predetermined temperature by a reproducing 
laser beam. 

10. A magnetically induced superresolution type 
magneto-optical recording medium where a 
record mark smaller in diameter than a spot of 
a reproducing laser beam is reproducible, 
comprising: 

a transparent substrate having a plurality 
of lands and grooves formed alternately; 

a magnetic reproducing layer formed on 
said transparent substrate and having an in- 
plane easy direction of magnetization at a 
room temperature but having, when heated 
beyond a first predetermined temperature, a 
perpendicular easy direction of magnetization 
to a film plane; 

an auxiliary magnetic reproducing layer 
formed on said reproducing layer and having a 
perpendicular easy direction of magnetization 
to a film plane at a room temperature but 
having an in-plane easy direction of magnetiz- 
ation when heated beyond a second predeter- 
mined temperature; 

a magnetic switch layer formed on said 
auxiliary reproducing layer and having a per- 
pendicular easy direction of magnetization to a 
film plane; 

a volatile magnetic recording layer formed 
on said switch layer and having a perpendicu- 
lar easy direction of magnetization to a film 
plane; and 

a nonvolatile magnetic recording layer 
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formed on said volatile magnetic recording lay- 
er and having a perpendicular easy direction of 
magnetization to a film plane; 

wherein respective Curie temperatures 
Tc1, Tc2, Tc3 and Tc4 of said reproducing 5 
layer, auxiliary reproducing layer, switch layer 
and volatile magnetic recording layer satisfy a 
condition of Tel > Tc2 > Tc4 > Tc3; 

and wherein said nonvolatile magnetic re- 
cording layer has a Curie temperature Tc5 io 
higher than a temperature raisable in a record- 
ing/reproducing apparatus of a user, said non- 
volatile magnetic recording layer having an ID 
signal recorded magneto-optlcally at the top of 
each data recording sector formed in both of is 
said lands and grooves. 
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